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. . THE THEORY OF THE STRANDGREN CYCLOGIRO*

By C. B. Strandgreri

INTRODUCTION

The genera,l classification of aircraft is: ornithop-
ters, helicopters, and airplanes.

The “Strandgren wheel” belongs to none of these cate-
gories. It employs for lift,and propulsion alike a pa,ir
of paddle wheels with blades revolving on a transverse
axis.

Several aircraft, based on a similar principle, have
been studied elsewhere, but for none the experiments ap-
pear to have been so extensive as for this o-nea

Ilach wheel consists of a certain number of equidis-
tant blades arranged around the horizontal axis of rota-
tion and parallel to this axis. Each blade is fixed so
as to be able to feather about an axis parallel to its
span at the same time as it turns about the general axis
of rotation. A system of controls permits featheriilg or
change of incidence of the blades to conform to the de-
sired effect: hovering, lift and propulsion combined,
gliding descent, vertical descent i-nautorotation, etc.
Moreover, a differential control of the wheels insures aily
desired evolution of the aircraft about its center of grav-
ity.

The Stra’ndgren flying machine has no” wings, no pro-
peller or control surface other than its two wheels with
its controls. It can fly vertically, horizontally, forw-
ard or backward, and at any speed “oetween zero and a nax-
imum. It has, like the airplaile, an economical speed rep~
resented bya certain ratio between forward speed and the
speed of rotation of tile”blades, but it flies at any other
speed and can, in particular, hover in the air.
—————--, ______________ A.——-.—— -———— .—..-.——-. -..—.——————————--——-.——— ..-. .—

*“Principe et calcul des roues sustentatrices et propul-
sive rationnelles.” l!A6rophile, July 1933, pp. 208-216,
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Its control labilit,x :is incornpara%ly superior to that
of an airplane; since the whole surface of the blades
driven at high speed serves for maneuvering. The inci-
dence can, in fact, be changed instantaneously without mod-
ifying the position of the aircraft, which always remains
the same: .,. .*

Descent with engine stopped should not present any
difficulty - no more than landing -’which can be effected
at any inclination, including the vertical.

Hereinafter follows the general theory,,~fwheels ‘with
blades rotating about a transverse axis which,” we believe,
is the first time that this theory has been made public.

. . ——-——————-
;.,

Much very important practical information on rotating
wings of the category of lifting wheels has been’ obtained
by the author, thanks to the numerous tes”ts made at the
Institut Adrotechnique de Saint-Cyr, by mbans of different
small-scale models constructed vith the cooperation of
the Office Na.tioll.aldes Inventions et de la .Soci6t6 “f’L$lIx-
pansion Tranco-Scandinave” relation’s-. . .. .. .

.. . ,.

Following theses ystemat.ic ~xp’eriments, the Lior& and”
Olivier airplane company has bui~t a full-scale model;

The object of this paper is not to disseminate the
theoretical aspect aild general principle of the -wheels;
and particularly, the results of these experiments, but to
show how the lift and the””propulsion are obtained.

The problem is governed by a rigorous kinematic con-
dition which every rotating wing of this type should sat-
isfy.

.In a wheel, each blade describes a curve in the air,
and one says that this curve is a more o.r,less abridged
cycloid, according to the relative speed of the aircraft
with respect to the fluid. The kinematic representation
of the motion of theblades with respect to the fluid is
obtained by making a circle (rotor) roll on a straight. .;
line (directrix), and one knows then that the normals to
the blade trajectories at a given instant, all pass, throu,gh
the point of contact of the rotor with the direci.rix tih”i.ch,“
by definition, is the instantaneous center of rotation.
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The normal to each .llade should form with the normal
to the. trajectory of this blade ,an angle which is the an-
gle o~inc””idence’ of the blade “(fig. l),. . .,,“.’l..” -.; .,..,

J?q”w,what Should these aa”~les of incidence” be”’alon”g
the “trajectory, “so that a meati ‘resultant of des:ired rrla,g-
nituti:e”and direction can he” ~roduced on a blade? ,This is
what we shall attempt to establish by analysisd

.,

“.The”f~ct that ,t”hetrajectory of the.,%lade rels,~i,ve to
the,‘aid”- setti”ng aside “~~rregula,rities of the wind -“ is a

fundamental kinematic coudition’cyclo”i”d,which s’e.tsup the
to whi’ch th”e ail@l-ar motion “of this h~ade is subjected. .,..

The circle of radius R and of ce?lter o represeilt
a vheel. Several blades (n) are a~sume”dly disposed oil
its periphery. One blade or airfoil in the illustration
is’ figured with axisof articulation in o~. All blades
have identical motion and the aerodynamic resultant of each
blade. is “the same in direction anQ magnitude, .SO that it
suffices to discuss only one blade.

,-
“Und.er“the effect of the forces yhich these blades”

produce, we assume that the wheel flies ,at a speed v~ 8
On accouilt.of disturbances “of the’air adjacent to the
wheel the ‘mean spee”d of air V passing across the wheel,
is more or less dif’fer..entfrom VI, according to the caset
‘Wlelitile aircraft is in horizontal flight at high speed,
v differs little from VI, but in hovering, VI , mh ich
is the speed of the’ aircraft is, hy definition, zero ,
whereas V - the downward speed of the air aad traversiilg
the wheel-- has a
be””defined as the
wheel per second:

relativ.el,y great valuem Spe,ed.V may
rlass of air (K) passing through the

.,
,..,

. . Wherein “p =
indcr formed
‘rical,area.

, ifow, in
reactions on

,.’

lh =p S.,v .. . .
... .. ,.

density, and S = projected surface of a cyl-
by the wheel,. or, in oth.er,word.s, its diamet-

,.,

order to study and analyze the aerodynamic
a w’heel$ may we a~ply to each blad.~ the con- ‘

ventional lift (CZ) and ‘rag Theoretically).(.C-X) coefficients.? Our
exp,erirnents prove that we can. we ignore
.w:lat they reveals . . .““..

. .- ..,. ,:, ,:. . . ,. ..”,” : . .

... ., . . . . . . .
.-. .. . .. . . .,, .,., ., ,,. .,.. .. . . .... . . . t,. . ,. .:. ., .,-e . . ,. . . .
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. . :, .,:, Wtie ~o”:nl~..;d~iffi-cultylies’ in the fact that the air
speed on a wing chati”tj:esconti’n-aov-slyalong with the slope
of the trajectory- For the case of constant speed and
slop%, C’a~rafdli*‘has‘-shown that the aerodynamic” coeffi-
cients ,“olxt’sfzied‘in re’c~tiliilearstream:, can be “’employed;
r::, !,.:. .,... ‘“ -,. ,., ,,,’..:. .

To for,m the resul”tailt of the air loads oil a wheel,
one may either add vectorially the forces on each blade,
tdie v“ert.ical.co”mponeilt’supplying the lift and the hori-
zon.t’hlcmziponent the f’orward speed, or else compute by in-
tegration ‘the mean f“o%ce applied at a blade during one
turn of the wheel. We preferred the latter,

The.forces on a blade are:
. .

~ ,.
~sw a Cz normal to trajectory “ (1)

QW2CX tangential to II (2)
z

s = area of blade a:ld
course, is tangential
these forces first on
axis parailel to T,
blade dtir,ingone turp

W = aerodynamic sneed which, of
to”’the trajectory.- By projecting
an tixis nOririal to v., then “on an
we obtain the mean force on one
of the w3.eel:

i ‘ “217p
f~n=z=; ozsw 2 (Cz cos ~+ Cx siil CL) d ~

‘- ~2ngsT’Ft ‘ ~–; (Cz sin a - Cx COS cL) d @
o

(3)

(4)

m*O find the forces on all blades, we multiply these
q.ua~~tities }y the number of %lades (n) or, which is the
same, consider s as the total area of the blades,

The formula on the average is said to give, in gener- -
al, different res-alts, according to the chosen independe:lt
variable. The result conforms to the reality obtained
with au indepeildent variable proportionate to the time.
The ar’gle ~ meets this conditioi~ sii~ce d~/dt =’ U is
tke a:lgular .i,elocity of the wheel, which is constant.

Therefo”r6, we have:

I?ll, the nornal component of V,

*llAerodyaar~ique des ailes dlavions,’f Chiron, editor, Paris.
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>0-, I’t, the tang.e”ntial conponent of V,
.

a, the ailgle formed %y the norpal of the trajec-..
tory with the vertical,

.,

s, total surface of the blades.
.:. ,.., ,.

Supposing that I?n, Ft. and $; the angle of the

ve.ctqr V,,.yith the horizontal, are know:t: then’it ,is
ea’sy“to””obtain the vertical aild Iiorizontal conpoaents of
the resultant which we designa%e”hy P and ‘T,’ respec-
tively.

.....”’

P I?n= cas..9..I?t?tsin 9.. .,,..,

l’=
-,.,. ~. -..3?ns~n V.+..l?t cos V.

P
.......,,

is the lift and T the differeilce between the thrust
and the drag. When the horizoiltal speed of the aircraft
is constamt, whatever” it may be, T is obviously zero.

.

By resolving (5) with respect to Fil and I?t, we

have. ..,.,.. ,...

,.
, ,.

which,” for the case of ‘unifokti:speed, is reduced to .,,, .,

.,‘. “yn.= p cog q
.’....”...’. (~j

I?t = P sin Q

; As to tll,e”difection of flight, it is dependent{,only.
On I’n aild ~,~”’as tl.ese equations show...... ., ID orde,r to find
whether one tail fly in:”any direction whatsoever; ““in,tY~e.,,
vertical plane with such aircraft; it suffices to.”show
that? in equations (3) “and (4) by taking for ,Cz
tai~l”function of

a ~’e&

a“, one can give l?ll”alid”Ft the desired
values.

.“.: ‘

But first we give the term of,thq aerodynamic speed
VP as a function of the blade setting;” ?!itli p as “the
radius moving from the instantaneous center of rotation I
of a blade, it is readily seen that speed W, tangential
to the blade trajectory, is:
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Furthermore, let r te the radius of the rotor and
R the radius of the wheel. We call

.:Vr=oR the speed of the blades in the relative
. . rno.tiolla~:’.

-.,
alla ‘“V’ = ~ r

.
the mean speed”’bfthe air passi:~g through,,..
the wheel, as defined alove.

These data forthwith, ”-’give: “

H2=’Vr2+V2+2VVr COS~

1J7Y.e2ceVr and V are COIIStailtS for a,.gtven flight atti-

tude, @ “l)~i.ilg”’tlieonly vari~ble. : .- “’ “
..

T~~e Mean of ~2 ‘“’during one tur::,will be
,.

vrm2= vr2 + V2

and W varies between the maxiz.mm and minimum limits

Vr+ V and Vr - V,

Ii~ the integrals of I?n alla “’rt ((3) and (4)); P,

S, a::.dW2 are always positive data, such that the value
of these integrals depend primarily on the products Cz
Cos a and Cz sin a and on the sigil of these products
iil the integration interval (disregardiilg for a moment the
term c~) ●

Supposing oae wishes to produce only the force I!ll:““:
in which case it is obvious that no r.latterwhat the law
of variation of Cz as function of a, to insure maximum
integral, the product Cz cos a nust always have the same
sign- Thus C,z becomes positive or ilegative at the same
time as Cos a“. SUCI1 a law can he realized by Puttiilg

.. . ... .. .... .. c= = a cos a ““ .fi~.$t,:,, ,. ,, H ::

.. ,-. := . . . .. ,. ~-:. .,.
,, ,

wher’e a
,<

is a constant.
,, .,..
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One can also make Cz = al COS3 G.,, or the sum of a
series of uneven power “terms of Cos a“’, terns which eq-~al-
ly change sign with ‘COS u; But, when” integratin-g, it is
seen that with”,Cz= a cos a the integral becones maxinun,

If it is desired to produce Yt alone, then the prod-
uct Cz sin a must retain the same sign aild one is led
to make Cz .% b sin a,. etc. ,:’~ :. : ,,:

.. . ...

Consequeilt.ly, to produce a force in direction K, we
make !’

.,...,. .,,. -..,
C* =Acos (a-K)

.,

or Cz = a COs a+ b sin a“” ~::

A and K %eing paraneters,and a = A cos K b = A sin K.

By chailging the parar:.eters A and K, one can give to
a and b any desired system of value... ..It,is, r~oreo.ver,.
in this that the piloting of the aircraft consists., Through
interconnected and differential controls tho’pi”l”otcan c-~ange
these parameters in each wheel. ,.

. .
By introduciilg

. .‘.., .“
..

W2 = w~2 + 2’V Vr Cos p * :
,

aild Cz = a cos a + 3 sin cl.

“ili Fn and I?t by expressifig sin “a ai~d cos a ,as fuac-
tion of sin ~ aqd C06 p

., ,.
~+ Y&. Cos i’ ~

Cos a = ——————.-———-—-—-=————. ..— .,
Wmz + 2“V Vr COS ~

,.“..” .,’
..’

Vr sin ~ -
sin a = .-----::;—-––––––––––––––

JwL12+2vvrcosp.
. . .. . . . . .,.. . .. .. :. .,..,. ..

wb-ich, after integration and calculation, gives .

..
... .

. . ,——
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~..”. ,,, ” ,., ,,
. . . .,

.’

. .. [.”L”” ).”,
“1

F’n = : s wm2 ~ +. ?-# 0..2..” ‘“ .-..’” ,,.,;”. .:’””‘“... :.
.. .. .””.:”’,. ... ... .. .

.,..

,.

. . . ,,
.“,”

[( -b
,Ft7 $s ?mz.~- ~&%0.1 a2 + 0.2 h2———————-——

)llA ‘–––

( 0.1 a2 + 0.2 b2
-~– + 0.45 cxo.-t-‘2 V Vr lo ———-.—_- ———-,——__

TrA “: )]
,. .

To express Cx in these formulas, we put

. . ..’.

Cx =
~2”

Cxo, + .;:–
,.. .“, :.

where .A = aspect ratio of, airfoil’ and Cxb:,= “airfoil drag
a$ zero lift.

.

According to these formulas, I?n appears to depend
primarily Oil a and I?t on b, and “D$ changing these co-

efficients, the components I’n ,a.nd, pt. ,can %e varied

(fig. 2), The nature of the a and 1 coefficients is
readily determined. ,,

,. We used to put Cz = A cos (<a- ~), so, that Cz max-
iPun = A; A is the r~aximum of C.z ~uriilg one rotatigm..

But , as already pointed out, A is a variable paran-
eter, being a%le to assume any value between zero and Cz
naxinrrm of the polar of tune employed airfoil.

Thus we have: a = Cz ~ax cos x,

% = Cz ~ax sim X.

3y li~.1.it;ingour-selve,s to the principal termsin.(7)i
it %ecoues

(a value inferior to reality since the positive terms are
beiilg disregarded);
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pwm2~
Ft=z, s

2.

(a value superior to reality, where a and b are divided
.by 2)?. ,, - ~

.. ~,.’.,.
“’Putting

&j2~ ~ COS2. ~ da
czmean=2no

\ .,..’. ,. ,....
“we find that .. ....

,. Cz“~ax ,,.“,
———- ~ C.z”~~a~

2
(8.)

,.,-

during one cycle, which for convenience is designated
by c~.

.,
... ....”

ITOIV we’have:

,.
I’t ‘,; S WmzCz sin K

“,To deterWi’ne lift’ “P
..

in flight with uniform speed
l)ut for.any ,flight-path’ direction, we simply write these
valu”es,of’ Fn and Ft in formulas (5):

P=: S Wm2 Cz (COS K cos v +’Sin K sin V)

and, the speed being uniform,

T = ~ = ~ S ~m2cz (- cos vi sin ~ + sin K cos ~).
.
,.

The last operation yields:

sin 9 = Gin K :“. ‘.————— —————
Cos q cos K

whence q = K, and by adding this result in the: first, it
becomes

(9)

This formula is identical in form t“o that bf an aiT-
plane flying at horizontal forward speed. Wm, but utterly
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unlike as to interpretation for a wheel, since

vim2 = Vra “+ V2, (lo)

.~h:e,s.urn“of the square s”’”of“the tip “speed of the””b“la7i’esand
of the velocity of the air passing through the wheal~

. .

In a k’h~e~’,’”fohuulas “(9) ahd (10) hold good “for every
straight flight path, the vertical included, since we have
imposed no condition on CP~ Be it noted that parhineter”
A was supposed to he positiye. .,The result of making it
,negative, which is possitle~ is to orient the resultant of
the wheel toward the ground, A should be positive to in-

s~-re R l$$!s,, ,.: .:., : : .... ,.- , , .:.: :,:(.,/.,.”. >.,

The equation K=cp permits the ideilti,ficatio,nof K
wit”h the angle v of the flight direction to the’liorizon-
tal. To change this direction t~.e pilot changes K with-
out modifying A. The chang,d”tn.. A .is not prescribed ex-
cept with the change of weight P , of the aircra.fta

By this simple argum”ellt’:of.limit”~tion to the princi-
pal terms in Fn and Ft, we underestimated In and
overestimated l?t, s,o t.lnat.in reality there is a ,certain
difference between K arid “(p“,@n?La ‘certain VariatiOn to ~e
given t-o A when Q is chagged,” but. ‘it is apparent that
the pilot remains: inaster”of the ‘resultant of the wheel
in magnitude and direction,

The essen;ial condition in a wheel for obtaining a
significant and steera%le result. is ob~r.iously that, the
wheel must turn. The rotation is” obtained ly means of an
ei~gine which, however, may ac,cidentally s.top. And then
the questiob aris”es as to whether the whe~l is capable of
autorotation in vertical descent without power,

To express this possibility in mathematical form, we
write the formula of the mean moment of the forces on the
blades with respect to the wheel center O. The forces
ori one blade are:

.,

., ., : ..”:.. .,, .”” . ..
.,,. .,.,”.”

GW2CZ and L
2 2

s W2 c~
. .

aild their moment:

. . . . . . .. .. .. .. ... . ...
... . 1. ,. ‘“ ““
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,, p s jz:.~a,.(,,cz,r.:s.in.~ .&l..=,,-----
4 ‘no” ,,, :::,:.:’.”,>’‘.:’...

.: ,,, ., . .. .
~.._

“+GX’R 1 - e2 si112 a) d ~,
.......,. .“): .

.. ,.
whe”re ‘r”= radius ‘of”rot~ti, ‘R “=,ra~iu.s,of the wheel , and.... .....,.,. ..”.,. . .,
e =. T/R”i., .,4: ,,.

,, ,..,, Restricted to ,th< “principal terms, the ‘integration
gives’, ,,. . “..

..
.“.,’.

.:

[. (,Mo =,: s’:W~2 R ~v—’+ Cxo 1 -.~x,/.. 2Vr.’ )
.,, (11)
;“’ .,

‘“z:;”@ - ‘:)”+ z%@ -:’2 ““)1

Another more precise term’”of the m~meilt ~s” oltained
by first taking the momeiit with respect to the instailta-

then adding the moment withneous center of rotation I,
respect to O on the blade applied at I-

pS’J2nw2 [~x ~ +’r(cz Sin a-CX C(3S a)] ‘P
MO = ––

41-ro
(12)

By definition (see (4)):”

2T
Ft ~ :..: J W2 (Cz sin a- Cx cos a) d ~>

o

so that, finally

4m{2n W2Cxpd. ~+r FtMO = L.-: .(13)

With this (13) the power formula is readily obtained:

,.. .. , p“s J2~w3cx+v Tt
Pm = Ll”l!Io= –--–

411.o

si~lce Cor =V and’ wp.=W.

In this formula, “valid “for no matter what propeller,
it is readily seen how. the p,ow,er.is made up, The term in
c~ represents the powd’r absorbed by the drag of the blades
accordi~g to the trajectories, and the product V I?i is
the effective or active power of propulsion.
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.Conforrnable to the adopted notation the latter is
positive when V and Ft :..afi&:.ofopposite d.i:ectio~zs.
‘Wheil Ft and V are in the same direct ion’it iS negative
a:~d, Wheil that occur s,. Fm ,,may cancel out andbecome neg-
ative. Then the aircraft sup~lies power to the engine,
or, if without power, accelerates .the rotation of the
wheel. Ifi’formula (7) for Ft , it is seen that it becomes
;~egative for negative b, so that Ft forces of negative
sign. can. be produced? ,lThen Pm .,isnegative for a certain
wileei speed - the engine being “out of gear - tlie”speed of
rotation of the wheel increases Uiltil Pm cancels out.
Now , we have t.ll,eequation Pm =, @ Mot ..As fJIis.by assump-
tion other than. zero,, }ie’have MO” + Or’: Wi-th th’is equation,
the value of b, giving the speed of autorotation desired,
can be computed. ‘ :: “ ,,,, ,.....’. .... .

Reducing (11) to ‘read”’

,.. ‘~

(~ .2”L+” ij:. ) : ()” ‘M. ‘“’~ S,Wrn, ,. ,,2Vr,, ,,~, >;,2 .,.
>,. .,..-,

the autorotation for”a cer”tain given s’peei’ V/Vr”’””takes
place when

,, -, ,... -,.. ..
il= ““ ‘:’”-c~ ~: (15)
2

.,.! ., ., ;
.,...,

By definition, h = Cz max———.——— sin K =CZ siil,K., (See equa-
2 ..:2. ., .“ .:- ,

tion (8).)” ‘“ ,..

Solution of K: In vertical descent, :.me.hava’ v.= -
900., and equations (6) give
,, ..,.. ,, ..,,

Fn=o Ft = - P;
,,..- .,.. .

2ut , “v{’hen‘Tn ‘“ O“, “it is also” ilec”essary that ‘a ~“ O = Cz
Cos K, whence we deduce K = +900, so that sin K=+i,
of which it must take t-he “minus, sign because “.’vis negative
(fig. 3). We have already seen t“hat K and (p have a set-
ting of almost identical ailgl~s and, in this- case b/2 =
- c=, so that (15) uow becorrfds

..,.

.,. .



., ’., ,. .,: :,4 .:,

H.A. C .’A;” Techni’’ca.llJ&o”randum l? .,”727? 13,

:,
wYLic’hrepresents the opt,.if.lnrn.ratio, bet~eeil V and Vr
for autorotation in vertical :descellt Without power (fig. 4) ,

-.. : Adnit te“dl~;.~liera ‘.a~”e‘%raj)~ct.o’r’.ie:if“o.rauto.rotat ion
in descent other than vertical.

We have ‘se-en that’, t’orend:.efithe wheel geile”ratrix of
the power and to orieilt I’t in t’he sti.rnedirect ioil as V1
stipulates two condit ioils for autoro”tation i~i““gliding
flight; it suffices to make parameter ‘b ilegative.

...... .,,... ,... .. . ., ,’,.
Since %= Asin K, which is ottained by takiag K

between n aild 2n in a. cert~in, zone, it follows that
the values which a = A CO S.”K may assiime tir’epositive or
negative according to whether K lies betwe,en 3 n/2 ~lltl
21-r or between n and 3 TT/2 and zero foti““K =“-3 ti]z.
Thus it is apparent that the condition where b is nega-
tive does not prevent the &roduction ofl a positive ~or ne&-
ative I?n component , which permits oblique descent iil
forward flight or backward.”fligh,t (fig. 5).

All of the fqregoing formulas contained the u~lkilo~n
velocity of the air pas.silkg tl~rougii‘the whee”i; ‘This ve-
locity can be determined by means

.,
of tieoi”ems of momentum

aild kinetic energy.

Let us “resolve V
.

for””a.~;iven case of tlie aerodynam-
ic resultant of the wheel or wheels R and au iilfinite
velocity VI (absolute SpeQd of the aircraft with the
exception of the sign) , lio matter which. Let M= p s v
be the air mass passing through tile wh,eel per second. For
brevity, we use vectors. A d:ash’over a letter &en”otes”’a
vector. ,,. . .. .,,,,, ,,

_The velocity at infinity with respect to the w:leels,
“ is” V1. Upon passing into thg’ whe”el as 5. result” ‘of the
r,esyltant R-, the speed is V and the pressure is in-
creased:. Upstream; where “the “pres,sur’e”“has become ‘qormal
a“gain, t~~e gpee& i’s ,’~20. ‘.: ~~ “ :’ ,“

.,..

The application of the, momentum theorem gives,.. ,. ..,. .,.’”””“. ,.., ,’

F = M (72”=””71)’” . “.-‘: “.’ .(a)

The rise of kinetic ene”r~y per s-econd denoted hy
Pu, is ,..

,, ,, ,, ,, , -.,,,.-
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@t. ,this power equals the wo’fik,per
R, whence

Pu = ~ ~,”’the scalar product
.,”

/. ‘;’
,!

., :,--;, . . .. ‘.’
J., .

Pu = Ih v: - vl~—————-.——
2

second of the resultant

of E and T (c)

—.,.;

Formula (h) may be rewritten as

(scalar product) .

This formula and (c) reveal that

7=72+7,.-_——
2

(d)

which en~bles us to determine ~ when T2 and. 71 are
given. VI is ‘known from the speed indicator, whereas ~
is unknown.

We determine ~ %y means of (a), which gives

which, writteil in (d), becomes

ail equation with only one unknown T, w-nich can be resolved.

When VI is horizontal, formula (c) yields f~rthmith,
P-2 MVV,VV being the vertical component of V, P the
vertical componentof E.

When VI = o, the aircraft hovers, we have
P=211v=2psv2, wherefrom

r ——
v P= ————— .

Zps
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Equation (e) .peri.litsthe resol-~tiou of V illall
““ca”-”ses”.

..

The foregoing is thought to be a fair outline of the
general principle and elemeqtary”t”heory of paddl~wheels.

A rational wheel is a rot~,ry airfoil system produc-
ing:a force restrained in its plane of rotafion~”whic’n is
the plane at right angles to the evolutions of the air-
crafti It is from this fact that ei~ormoiispractical val-
ues appear which promise a more geileral application of
aviation, particularly of privately owned aircraft: lift
indepbndeitt of the speed, vertical climb’, great maizeuver-
ability ai~d stability (according to analysis and wind-
tunnel tests). The private owner would no loilger be di.s-
turbed”-about ground ctinditions; besides, being able to
hover as long as desired, he need no loilger fear the fog.

Translation by J. Vailier,
National Advisory Committee
for Aeroilautics..,

. .

. .

. .

.

.’ .’

,..”’ .’

. .. . ., , ., ,* .
. ... .,+,. . . ..,. .. ‘:
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,“, .”. ., .’.. ,... ......

LEGENDS. .
-.,.,. ... .

. ..’”.,

FIGURE l.-.i,ngle of incidence
,.. ,.. .,.

TIGUBE 2.-Rotor rotation.,...
.,,,..,. ‘..:’ ...

.’.’..,. ., ,., ,..,.#.
-Q~’&ufi~”.;3~.-Polar “in autorotati.on as obta.~ned”with .:p,odel;,-.,.’

should be better in full-sc,ale..’m~del. lTo.te
tll-at”t:h”e“minimum sld’.peof gliding in this ~case is, a~ou.t
45::.;,““‘“:-“““’

..
.. .

,:
FIGVR3 ,4.-Lift and horsepotier curves .im flight with con-

stant ~engine speed~
●:;..,.,,

1;....
FIGURE,,5:- Illustration showing gliding flight in three
.’ different cases.

Similar Paddle-Wheel Systems :

,. ,.
.he Rotalift of the Holland engineer, W. P* VanI’IGURE 6--m
Lammeren; equipped with Cirrus Mkc II , it is al-

leged to have produced a lift of 770 kg (1,697.6 lb-). On
another model a lift of 165 kg (363.8 lb.) was said to
have been obtained with 14 hp.,
(62.3 ft./see.),

a tip speed of 19 m/s
aad a 16 kg (35.3 lb.) load per unit of

surface-

TIGuR31 7 .-Photograph of the model,

YIGURE 8.-Rahn cyclogiro. The engine is a 240 hp. Wright
Whirlwind.

FIGURE 9.-ljodel mounted on carriage at Saii~t-Cyr.

FIGURE 10.-Full-scale test at Argenteu.il. (Lior6 et Oli-
vier. )

FIGURE il.-View of complete aircraft.

FIGURE 12 .-liodel wheel tested at Saint-Cyr; part of hub
re-moved showing the incidence (feathering)

control mechanism in neutral.

FIGURE 13 ●-In position of combined thrust and lift.
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FIGUtiES 14-22 .n~igures 14-19 show details of t~le platt in-
vention, tested in }he wind tunnel of the

hlassachusetts Institute of Technology, at the Daniel Gug-
genheim School for Aeronautics, and at Langley Field. ,#
photograph of the New York University model is showu em
-t-~ .– F~f 7,

Figures 20-22 show details of the Laskowitz
patent. Note that a single eccentric, such as is employed
here, is not sufficient to insure correct control of feath-
ering. Strand~ren~s patents antedate all these patei~ts.
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